A total of 51 and 21 adults of Barbary ground squirrels (Atlantoxerus getulus) were trapped during May-July 2006 from the introduced populations on Fuerteventura Island (Canary Islands) and the native populations in Morocco, respectively. One trematode, 1 cestode and 4 nematode species were recovered belonging to five families: Brachylaima sp. (Brachylaimidae), Catenotaenia chabaudi (Catenotaeniidae), Protospirura muricola (Spiruridae), Dermatoxys getula and Syphacia pallaryi (Oxyuuridae), and Trichostrongylus sp. (Trichostrongylidae). We report for the first time the presence of P. muricola, Trichostrongylus sp. and Brachylaima sp. in A. getulus. Brachylaima sp. was found in the insular population only, as a result of a diet that includes snails. The two oxyurids were found at both sites. The continental population showed higher species richness (5 vs 3 species). This is the first report of helminth parasites from A. getulus from the Canary Islands.
Introduction
Studies of intestinal helminth communities in species of the family Sciuridae are not abundant. Several surveys have been performed on native species of the New World such as Glaucomys volans (see Pung et al. 2000) , Spermophilus townsendii (see Wilber et al. 1996) , Sciurus niger (Coyner et al. 1996) , Sciurus aberti and Tamiasciurus hudsonicus (Patrick and Wilson 1995) , Spermophilus elegans (Shults and Stanton 1987) and Sciurus carolinensis (Conti et al. 1984) . In the Old World, there were several helminthological studies on Sciurus vulgaris (Feliu et al. 1994, Shimalov and Shimalov 2002) . Examinations of the helminth fauna of African squirrels are scarce and mainly limited to descriptions or reports of several parasite species occurring in rodents of the genera Xerus and Atlantoxerus (Dollfus 1953 , Durette-Desset 1974 , Hugot 1995 , Iori and Lanfranchi 1996 .
It has been noted that the parasite species richness is reduced when a host species is introduced into a new area; this is believed to be one of the main causes for the success of the biological invasions (Torchin et al. 2003 , Colautti et al. 2004 . It has also been argued that helminth species diversity should be lower on islands than on mainland. A decrease in species richness of helminth parasites of small mammals from Pityusic Islands was described (Mas-Coma and Feliu 1984) and the reducing effect of the insularity on the parasite species richness in Apodemus sylvaticus in Western Palaeartic was demonstrated (Goüy de Bellocq et al. 2002 . To our knowledge, there have been few comparisons of helminth faunas in recently introduced mammals, with even fewer involving insular systems. At least, two examples exist in the south of Europe: the helminth fauna of the American mink Mustela vison in the Iberian Peninsula (Torres et al. 2006) and that of the Iberian hare Lepus granatensis introduced into France (Bordes et al. 2007 ). On islands, various studies have analysed the helminth faunas of invasive/colonising mammals. These include studies of Rattus rattus and Mus musculus (= domesticus) in Sicily (Milazzo et al. 2003) and the Balearics (Mas-Coma et al. 1998 , Apodemus sylvaticus on some Mediterranean islands (Goüy de Bellocq et al. 2003 , Nieberding et al. 2006 and Oryctolagus cuniculus on the Macaronesian Islands (Foronda et al. 2003 (Foronda et al. , 2005 . However, all these studies referred to species introductions associated with the early human colonisation. Only one study focused on a species of the Sciuridae introduced to islands (Oldham 1961) . The role of parasitism in biological invasions was discussed by Prenter et al. (2004) .
The Barbary ground squirrel Atlantoxerus getulus L. (Rodentia, Sciuridae) is a mammal of medium size (weight 234.80 ± 34.01 g), endemic in Morocco and some small areas of Algeria (Aulagnier and Thévenot 1986, Kingdon 1997) . It is the only current sciurid species of a monophyletic genus (Mercer and Roth 2003) that has been widely distributed during the Miocene and Lower Pleistocene (Peláez-Campomanes 2001) . A pair of A. getulus from Sidi Ifni was introduced as pets to Fuerteventura Island (Canary Islands, Spain) in 1965 (Machado 1979) , from where the species has been transferred to Gran Canaria Island on numerous occasions and Lanzarote Island (see López-Darias 2007 and references therein). However, its expansion was apparently unsuccessful on those islands (López-Darias 2007 and references therein). In Morocco, it is an abundant and common rodent occupying diverse types of habitats (Petter and Saint-Girons 1965) ; on Fuerteventura, it is abundant and widely distributed throughout the entire island (López-Darias and Lobo 2008) . No accounts of ecological studies on parasitic helminths of this squirrel exist in either Morocco or the Canary Islands (López-Darias and Rodriguez 2007) . In the present study, we have the chance to examine two phenomena related to the decrease of the parasite species richness: native and introduced populations related to the invasion of Atlantoxerus getulus and the effect of insularity on parasite species richness (African population vs Fuerteventura Island). Another aim of this study is to examine the helminth fauna of an African ground squirrel in order to increase our knowledge of helminth communities in species of the family Sciuridae.
Materials and methods
The Canary Islands are located off NWAfrica (13°23´-18°8´W, 27°37´-29°24´N; Fig. 1 ). Fuerteventura is the closest island to Africa (~115 km), the second largest (~1660 km 2 ) and the lowest in altitude (807 m) of the Canarian Archipelago. The island is characterised by arid climate and semi-desert habitats. In order to exclude intrinsically biogeographical differences in parasitic faunas throughout the large native area (see Colautti et al. 2004) , the Moroccan sampling area was restricted to the region where the individuals introduced to Fuerteventura originally came from, i.e. Sidi Ifni (Machado 1979 ). Thus, this study focused on the Moroccan region comprising the city of Sidi Ifni and its surroundings (between Tiznit and Guelmim; 10°10´W, 29°22´N; Fig. 1 ). The area consists of a narrow plateau between Yebel Bulaalam and the Atlantic coast, interrupted by the Ifni River. This area has a particular microclimate, cooler and damper, with more intense fog than the interior plateau (Tiznit).
We trapped a total of 51 and 21 adults of Barbary ground squirrels, using baited Tomahawk live traps, in numerous, well-distributed localities on Fuerteventura Island and in Mo- Hosts were dissected and all gastrointestinal tracts were stored in alcohol 70% and later examined for helminth parasites. Their identification was based on previous works (Seurat 1915 , Dollfus 1953 , Quentin 1969 , Durette-Desset 1983 , Hugot 1995 , Pojmañska 2002 . The ecological terminology and quantitative parameters were according to Bush et al. (1997) . Statistical log-linear analysis (Zar 1996) was used to test for differences in the prevalence and intensity of the two helminth species analysed. However, since the helminth species shared the same host, we also expected their intensity to be affected by their competitive interactions. Thus, we tested a three-way log-linear model that included species, intensity and locality as the main factors. The standardised residuals after the log-linear analysis were used to represent the degree of deviance from the null model (no associations between factors); the statistical significance within levels of a factor was verified examining the components of maximum likelihood, comparing these values with the critical level of significance for 1 degree of freedom (χ 2 = 3.84, p<0.05) (Flaquer et al. 2007) .
Results
A total of 1 trematode, 1 cestode and 4 nematode species were recovered from the populations of Fuerteventura and Morocco. Six species of helminth parasites, representing five families, were identified: Brachylaima sp. (Brachylaimidae), Catenotaenia chabaudi Dollfus, 1953 (Catenotaeniidae) , Protospirura muricola Gedoelst, 1916 (Spiruridae), Trichostrongylus sp. (Trichostrongylidae), Dermatoxys getula Seurat, 1915 and Syphacia pallaryi Seurat, 1915 (Oxyuridae) . For quantitative data, see Tables I and II . The only trematode recovered could not be identified due to the lack of information on its complete life cycle that is required for identification (Montoliu and Mas-Coma 1986). The fact that only one individual of Trichostrongylus sp. was recovered did not allow the species identification.
The species richness in Fuerteventura (3 species) was lower than in the continental populations (5 species; Tables I and II), even though the sampling effort was higher on the island than on the continent. The general helminth prevalence was 100% on both African continent and Fuerteventura as D. getula was present in all the hosts analysed (Table I) . Loglinear models showed that the intensity of D. getula was independent from the locality (interaction intensity × locality: G = 5.50; p = 0.13, df = 3); the same was found for S. pallaryi (G = 4.90; p = 0.17, df = 3). No significant associations were found between the prevalence and the locality of D. getula (G = 0.19, p = 0.65, df = 1) and S. pallaryi (G = 1.56, p = 0.21, df = 1). However, another log-linear model showed a significant interaction between the intensity and the species (G = 29.93, p<0.0001, df = 3). The intensity of D. getula negatively affected the intensity of S. pallaryi. In this way, the proportion of parasitised squirrels with high intensity was significantly higher for D. getula (59.7%) than for S. pallaryi (23.6%) (χ 2 = 11.44, p<0.001, df = 1) and the proportion of squirrels that were uninfected with S. pallaryi was significantly higher (25%) than of those uninfected with D. getula (0%) (χ 2 = 21.71, p<0.001, df = 1). There were no significant differences between species in the other two intensity categories (Fig. 2) . The lack of a significant three-way interaction (intensity × species × locality: G = 1.61, p = 0.65, df = 3) pointed out that the interaction between the intensity and the species was unaffected by the locality.
Helminth infracommunities in Morocco were characterised by the presence of one species (D. getula, 4.76%), the coexistence of two (D. getula-S. pallaryi or P. muricola-D. getula, 61.9%), three (P. muricola-D. getula-S. pallaryi, 23.8%), or five species of helminth parasites (P. muricola-D. getula-S. pallaryi-C. chabaudi-Trichostrongylus sp., 4.76%). In Fuerteventura, 29.4% of the squirrels studied had one species (D. getula) whereas two or three helminth species coexisted in 64.7% and in 5.8% of the individuals, respectively (D. getula-S. pallaryi and D. getula-S. pallaryi-Brachylaima sp.). The helminth infracommunities also showed associations between the two oxyurids (52.8% and 64.7% in Morocco and Fuerteventura, respectively).
Discussion
Our study provides the first parasitological data for Atlantoxerus getulus in the Canary Islands and increases the reported helminth species from this rodent beyond the three previ- (Seurat 1915 , Dollfus 1953 , Durette-Desset 1974 . As D. getulus and S. pallaryi are species-specific helminths and due to the recent introduction of A. getulus to the Canary Islands, this is the first record of both parasite species in the archipelago. Furthermore, this research provides the first report of the occurrence of P. muricola, Trichostrongylus sp. and Brachylaima sp. in A. getulus. Although not mentioned before from the host studied, P. muricola is known as a common parasite in African rodents (Asakawa and Nicolas 2003) . The absence of the previously described Xericola marocanus can be explained as this geohelminth species has been obtained from a single studied host (Durette-Desset 1974) and its presence in that individual could be a consequence of local conditions. The helminth fauna found on Fuerteventura Island is characterised by lower species richness with respect to the continental population (3 vs 5 species) despite the higher sampling effort on the island. It has been suggested that parasite species richness decreases on islands compared to mainland populations. To address this question in a conservative way, we applied a greater sampling effort where fewer species were expected. Despite this effort, fewer parasite species were found on the island, a result consistent with the parasite drop-off during the colonisation process. Our findings support the hypothesis that invasive species are less parasitised in their new range than in their native range (Torchin et al. 2003) . Furthermore, the small number of helminth parasites recorded in A. getulus is consistent with the general pattern found in sciurids, e.g. Feliu et al. (1994) , which indicates that this taxon is parasitised at lower level than can be predicted (Morand and Poulin 1998) . Torchin et al. (2003) have demonstrated that the high prevalence of a parasite species in the population of the founder (i.e. continental population) is associated with a high probability of its translocation to the new insular population. Consequently, the helminth fauna in the new habitats of Fuerteventura might be determined by parasites that have arrived with the few transported host individuals. The present study is in clear concordance with this hypothesis as the two species with the highest prevalence in native populations (D. getula and S. pallaryi) have arrived to Fuerteventura Island (see Table I ). We can therefore expect a greater similarity with the founder population if the invasive populations were a result of multiple colonisations. However, the low number of Barbary ground squirrels that arrived to the island, i.e. only one pair (Machado 1979) , is the background of the present helminthological results.
Helminth life cycles can play an important role in the ability of a species to colonise new habitats. Indirect life-cycle species have a lesser chance of following the invasion of their host than parasites with direct life cycle (Morand 1996) . Thus, the arrival to a new habitat is not enough for indirect life-cycle species because they also need to find an appropriate intermediate host. In the present study, no indirect life-cycle parasites with high prevalence were found. Thus, we cannot test whether they were at a clear disadvantage in reaching the island compared to the direct life-cycle parasites with high prevalence (D. getula and S. pallaryi). The social behaviour of A. getulus and its gregarious way of life (see López-Darias and Lobo 2008 and references therein) may facilitate the transmission of oxyurids between individuals.
Previous reports on Brachylaima from the family Sciuridae are limited to Sciurus carolinensis in North America (Kennedy 1988) . The presence of Brachylaima sp. in A. getulus is consistent with the consumption of pulmonate snails (intermediate hosts of Brachylaima spp.) described on Fuerteventura (see López-Darias 2007 and references therein). The colonisation of an alien host by local helminth species was previously described by Criscione and Font (2001) for the gecko Hemidactylus turcicus (7 local helminth species acquired) and by Torres et al. (2006) for Mustela vison introduced to the Iberian Peninsula (4 acquired species from totally 5 species recorded in this host No differences in the prevalence and intensity were found between the continental and island populations for the 2 nematode species found. An interaction between the intensities of the two oxyurids was found. The negative influence of the high intensity of D. getula on S. pallaryi could be explained by the occupation of the same niche (caecum) and the resource competition.
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